Abstract A small subpopulation of stem/progenitor cells can give rise to the diversity of differentiated cells that comprise the bulk of the tumor. Are proliferating cells, within the bulk of tumor, few cells with uncommon features? The cell biological approach provides a limitless model for studying the hierarchical organization of progenitor subpopulation and identifying potential therapeutic targets. Aim of the study was to expand patients' breast cancer cells for evaluating functional cell properties, and to characterize the protein expression profile of selected cells to be compared with that of primary tumors. Breast cancer cells from estrogen receptor (ERa) positive, HER2 negative lobular (LoBS cells) and ductal (DuBS cells) histotype were cultured under non-adherent conditions to form mammospheres. Sorting of the cells by their surface expression of CD24 and CD44 gave rise to subpopulations which were propagated, enriched and characterized for the expression of epithelial and stromal markers. We found that non-adherent culture conditions generate mammospheres of slowly proliferating cells; single cells, dissociated from mammospheres, grow in soft agar; long-term cultured LoBS and DuBS cells, CD44?/CD24low, express cytokeratin 5 (CK5), a-smooth muscle actin (a-sma) and vimentin, known as markers of basal/myoepithelial cells; and ERa (only DuBS cells), HER1 (EGF-Receptor), activated HER2, and cyclinD1 as markers of luminal epithelial cell. Isolates of cells from breast cancer patients may be a tool for a marker-driven testing of targeted therapies.
Introduction
Characterization of breast cancer stem cells and identification of their molecular portrait will help to categorize phenotypes to target signaling pathways at cellular level. The design of tailored therapy to treat subtypes of breast cancers requires the analysis of the molecular features of each tumor specimen. One common feature of solid tumors is the heterogeneity of cells within the tumor mass. Tumor cells differ in morphology, size, protein expression, and in behaviors such as proliferation rate, metastatic potential, and sensitivity to drugs . Recent data suggest that a small subpopulation of stem/progenitor cells can give rise to the diversity of differentiated cells that comprise the bulk of the tumor (Al-Hajj et al. 2003; Collins et al. 2005) . Approximately 75-80% of breast tumors are invasive ductal carcinomas (IDC), less than 15% are invasive lobular carcinomas (ILC) and less than 10% a miscellaneous of rare histological types. The levels of estrogen receptors (ERs) and of epidermal growth factor receptor (HER1)/cerbB2 (HER2) in breast tissue distinguish luminal A and B tumors from basallike tumors (Perou et al. 2000; Sorlie et al. 2001) , and are predictive of response to endocrine treatment (Dowsett et al. 2006) . In vitro culture of dissociated tumor cells permit to expand cell populations and overcome the limit of the small size of breast tumors specimen (Nardone et al. 2009 ), although long-term culture usually leads to selection for basal/myoepithelial cells and all human breast epithelial cell lines established display this phenotype (Petersen and Polyak 2010) . Mammosphere generation is a method for culturing mammary gland progenitor cells (Dontu et al. 2003) . Cells purified from breast tissues are categorized according to the cell surface expression of CD44 and CD24, which distinguishes CD44-/ CD24? cells (luminal epithelial cells) from CD44?/ 24-cells (basal cells) (Shipitsin et al. 2007) however, a considerable heterogeneity in CD44 and CD24 expression was seen both between and within breast tumors (Honeth et al. 2008) .
The inter-and intra-tumor heterogeneity of the markers currently used for the categorization of breast tumors into major subtypes (e.g., luminal, HER2?, and basal-like) may reflect the lack of methods for the quantitative assessment of intratumor diversity. One critical question is whether different subtypes of breast cancers have common lineage origins, or differing cancer stem cells may explain the different histotype, phenotype, their invasive potential, and, as a consequence, clinical outcome and treatment response.
To address this question, we isolated and characterized cell populations derived from lobular and ductal carcinomas. We established long-term cultures and generated mammospheres to analyze the progenitor cell properties of different cell isolates. Our results suggest the existence of cancer cells whose features may account for the heterogeneity of cells within the tumor mass; these long-term cultured cells may be a tool for understanding how the molecular features of subtypes of breast cancer may be targeted in breast cancer patients.
Methods

Materials
Non-adherent dishes were 24-well ultra-low binding plates (Corning, NY, USA). Fetal bovine serum (FBS) was purchased from Gibco (Invitrogen, Milan, Italy) . The final concentration of the six hormone (6H) mixture was: epidermal growth factor (EGF), 10 ng/ml (E4127); hydrocortisone, 1 lg/ml (H4001); insulin, 5 lg/ml (I5500); estradiol 10 ng/ml (E2758); transferrin, 5 lg/ml (T2252); T3, 10 lM (T5516), all from Sigma-Aldrich. Estradiol and hydrocortisone were dissolved in 70% ethanol. MCF-7 and MDA-MB231 (MDA) were from ATCC. The monoclonal anti-vimentin antibodies were purchased from Sigma-Aldrich (Sigma-Aldrich, Inc., St. Louis, Missouri). Rabbit polyclonal antibodies ER a (HC-20), Cyclin D1 (C-20), EGFR/HER1 (1500, sc03); and mouse monoclonal anti-actin (C-2), cytokeratin 5 (AE14, sc-80606), cytokeratin 19 (BA17, sc53258), a-sma (CGA7, sc53015), p-Neu/HER2 (Tyr 1248) (sc12352-R), antibody were purchased from Santa Cruz (Santa Cruz Biotechnology, Inc., Santa Cruz, CA).
Ethics and study design
Residual breast cancer tissues were obtained, after informed consent, from patients undergoing surgery for early breast cancer at the Azienda Ospedaliera Universitaria Federico II (Naples, Italy). The samples were anonymously encoded to protect patient confidentiality and used under protocols approved by Azienda Ospedaliera Universitaria Federico II Ethics Committee. Patients did not receive neoadjuvant or adjuvant endocrine therapy. Primary objective of the approved protocol was to expand human breast cancer cells for evaluating functional cell properties in primary tumors, and to characterize the protein expression profile of selected cells to be compared with that of primary tumors.
Breast tumor specimens: isolation from biopsy and culture conditions of isolated cells From primary tumor specimens, tumor histotype, size, and markers including ERa, progesterone receptor, grading and HER2 determined by standard procedure (Dako, Carpintera, CA, USA) were retrieved from the pathology report (Table 1) . Immediately after surgery, residual fragmented aliquots of fresh specimens were processed as previously reported (Veneziani et al. 2007) . The samples were then extensively rinsed with PBS and suspended in standard culture media supplemented with 10% FBS. After three cycles of centrifugation, cells were seeded overnight in minimal essential Dulbecco/Ham F12 (1:1) (DMEM/F12 medium) (Sigma-Aldrich), supplemented with 2 mM glutamine (Sigma-Aldrich), P?S (100 lg/ml streptomycin, 100 units/ml penicillin), 15 mM HEPES (Sigma-Aldrich) and 5% FBS. After trypsin (0.25% in 1 mM EDTA) (trypsin-EDTA solution, Invitrogen), 2 min at 37°C, the floating aggregates where transferred to 24 wells and cultured in DMEM/F12 ? 0.5% FBS ? 6H (Cavaliere et al. 2010 ) for 21-30 days. Adherent cells, remaining in the primary culture dish after trypsinization, are mainly fibroblasts that can be rescued re-feeding with fresh medium containing 10% FBS. Cells were cultured at 37°C in a humidified atmosphere of 5% CO2. The medium was renewed twice weekly.
Cell staining and flow cytometry Duplicate samples of floating aggregates, cultured in adherent cell culture dishes for 21-30 days, were detached by trypsin-EDTA, pooled, counted in a hemocytometer chamber, and 2.5 9 10 5 cells/sample were incubated for 5 0 at RT with 50 ll of FBS. Four separate experiments were performed per sample. Cells were incubated, in the dark, for 30 min on ice with specific monoclonal antibodies (mAbs) FITC and phycoeritrin(PE)-conjugated directed against CD44 and CD24 cell surface antigens. All conjugated antibodies were purchased from PharMigen (BD Biosciences, Franklin Lakes, NJ). After washing twice with PBS-BSA 0.5%, the cell suspension was centrifuged and the pellet suspended in 300 ll of PBS-BSA 0.5%. Cell clumps were removed by passing the cell suspension through a 50-micron filter. FACS analysis was performed using the Summit software from DAKO Cytomation. (MoFlo; DakoCytomation, Fort Collins, CO, USA).
Cell counting and cumulative population doubling frequency
LoBS cells were cultured in DMEM/F12 plus 5%FBS (standard medium), while DuBS cells were maintained in DMEM/F12 plus 5%FBS supplemented with 6H (standard medium). For proliferation experiments, growth curves in triplicate were conducted in 24-well plates using 2.5 9 10 3 cells/well. To this aim, 2.5 9 10 3 cells/well were plated in low serum (0.5% FBS) for 24 h and then cultured to each well with their own standard medium. At the time indicated, at each passage, after trypsinization, cells, Sphere formation assay and growth in soft agar
To test the ability of LoBS and DuBS cells to form mammospheres, cells were dissociated and seeded, by serial dilution, in ultra low attachment surface 24-well plates in DMEM/F12 plus 0.5% FCS medium (low serum). The final cell dilutions ranged from 10 to 1,000 cells/well. Sphere formation experiments were carried out at least four times per sample. For colony growth in soft agar spheres were trypsinized, counted, and 10 4 cells/dish were plated in 60 mm triplicate dishes with 0.3% agar on a 0.5% agar (Type I, Sigma) underlayer DMEM/F12 containing 0.5% FBS. Colonies, cultured for 60 days, were counted in ten fields per dish. The fields to be counted were ID numbered fields on a 7 9 7 horizontal-vertical transparency grid of 60 mm of diameter. The same ID fields were counted for all the dishes. Results reported are mean ± SEM of three different experiments performed in triplicate.
Protein extraction and western blot analysis
Western blots were performed, at least three times, on LoBS and DuBS extracts as indicated in the figures. MCF7 cells and MDA-MB231 served as controls. Spheres, transferred for 21-30 days to cell culture dishes, were adherent and proliferating; floating aggregates were detached by trypsin-EDTA, pooled and proteins were extracted. Protein preparations were obtained by lysing samples in 50 mM TRIS pH 7.5, 100 mM NaCl, 1% Nonidet P40, 0.1% Triton, 2 mM EDTA, 10 lg/ml aprotinin, 100 lg/ml phenylmethylsulfonyl-fluoride. Protein concentration was measured by the Bio-Rad protein assay (Milan, Italy) and polyacrylamide gels (from 8 to 15%) were prepared as described (Veneziani et al. 2007 ). Prestained molecular weight standards were from Biorad (Milan, Italy). Proteins separated on the polyacrylamide gels were blotted on a nitrocellulose membrane (Hybond-C pure, Amersham Italia, Milan, Italy). The membrane was stained with Ponceau S (Sigma) to locate the molecular weight markers. The membranes were stained with secondary antisera, conjugated with horse radish peroxidase (SigmaAldrich Corp.) diluted 1:2,000. The luminescent signal was visualized with the ECL Western blotting detection reagent kit (Amersham, Italy) and quantified by scanning with a Discover Pharmacia scanner equipped with a Sun Spark Classic Workstation.
Data analysis
As indicated, flow cytometry, cell counting, sphere formation assay, growth in soft agar, and western blots experiments were carried out 2-4 times and found to be reproducible. Human tissue samples were not pooled, therefore each sample served as its own control. Error bars are presented as standard error of the mean (SEM). We used analysis of variance to identify statistically significant differences among means.
Results
Isolation and propagation of spheres from breast cancer specimens
The cultures of LoBS cells derived from a specimen of breast carcinoma were histologically classified as lobular, pT1c (1-2 cm 2 ), grade 3, node negative (N0); the cultures of DuBS cells derived from a specimen of breast carcinoma were histologically classified as mixed ductal mucinous, pT2 (2-5 cm 2 ), grade 3, node negative (N0); both specimens were estrogen receptor positive and cerbB2/Neu/HER2-negative (Table 1) (Hammond et al. 2010) .
From primary cultures we isolated and cultured human breast cancer sphere-like aggregates of cells in DMEM/F12 plus 0.5%FBS and 6H to disadvantage fibroblasts adhesion and proliferation. Within 3-4 weeks the cultures formed aggregates of growing cells, whose morphology is shown in Fig. 1 . We detached these cells with a gentle trypsinization (2 min at 37°C), and collected only the floating aggregates (300 cells/aggregate) to propagate cells. To this aim we conducted experiments to define culture conditions (data not shown) and found that the cells derived from lobular carcinoma (LoBS cells) adapted to grow in DMEM/F12 plus 5%FBS, and cells derived from ductal carcinoma (DuBS cells) were adapted to grow in DMEM/F12?5%FBS supplemented with 6H. When plated in their own medium, the cells attached and, after 3-4 weeks, formed new aggregates of growing cells. This cell propagating procedure reduced doubling time and generated long-term cultures (30 months, more than 60 passages).
We next evaluated whether the cell aggregates possessed the ability to form spheres. To this aim, we passed, by serial dilution, enzymatically digested aggregates in low-attachment plates with low serum (0.5% FBS); we found that, within few days (2-3), when wells contained 100 cells and more, cells formed floating aggregates that had the characteristic morphology of floating mammospheres (Fig. 2) . In these floating conditions, cell counting showed that, during the initial 4-6 weeks of culture, cells proliferate at low rate, with a doubling time of 15 days, while during subsequent long term culture (10-12 weeks) the cells arrested growth. This process is reversible because, as expected, when mammospheres were plated in adherent culture dishes, the cells adhered to the dish and reached confluence (Fig. 3) .
Identification of CD44?/CD24low cells In breast cancer CD44
? /CD24low cells are suggested as a population of cells that contain potential breast cancer stem cells (Al-Hajj et al. 2003; Dontu et al. 2003; Ponti et al. 2005) . We evaluated the expression of CD44 and CD24 by flow cytometry. To this aim we collected and analyzed cell floating aggregates which represent a small fraction of all the cells in the dissected tissue (less than 10-15% of the total cell number). As shown (Fig. 4) To determine whether cell growth is anchorageindependent, soft-agar colony assay was done in duplicate, as reported in Fig. 6 ; the ability to grow in soft-agar corroborates the persistence of repopulating cells after 60 days of sub-cultivation.
Expression of luminal/basal breast cancer markers
To determine whether cultured LoBS and DuBS cells could differentiate into multiple lineages, cells were examined for lineage markers. ERa, and CK19 are categorized as luminal lineage markers (Shipitsin et al. 2007; Sleeman et al. 2006) , whereas cytokeratins 5, a-sma and vimentin as basal/myoepithelial lineage markers (Moll et al. 1982; Nagle et al. 1986 ). We compared LoBS and DuBS cells with MDA-MB231 and MCF-7 reference cell lines (Fig. 7) . Cytokeratin 5 and a-sma were overexpressed in LoBS and DuBs cells with respect to MCF7 and MDA-MB231, while cytokeratin 19 was less expressed; vimentin was not expressed in MCF7 epithelial cells and present in MDA-MB231, LoBS and DuBS cells. HER1 (EGFR), frequently co-expressed with HER2, was expressed in MDA-MB231, LoBS and DuBS. Cyclin D1, as marker of cell cycle progression, was present in all the samples tested. Gels for ERa and p-HER2 were done loading 20 lg of protein for control MCF7 and MDA-MB231 cells and increasing concentrations (10 lg, 20 lg, 30 lg) of cellular extract for LoBS and DuBS cells. ERa were strongly expressed in MCF7 cells, not expressed in LoBS and MDA-MB231, and weakly expressed in DuBS cells. Immunoblotting with anti-phospho-HER2 mAb showed that LoBS and DuBS cells did express p-HER2, and the level of expression was proteinconcentration dependent.
Discussion
Studies analyzing the expression of various genes including estrogen receptor, cytokeratins, and HER2 in invasive breast carcinomas demonstrate a high degree of diversity in a subset of tumors (Allred 2008) . The heterogeneity of cells within individual Although two major subgroups of breast cancer are referred to as ductal and lobular carcinomas, both when invasive and in situ, the majority of breast cancers have a phenotype that supports origin from a cell in the luminal compartment or from a cell that was committed to this lineage.
Putative breast cancer stem cells can be isolated using (i) non-adherent culture conditions to form mammospheres and (ii) identifying the cells by their surface expression of CD24 and CD44 (Clarke et al. 2006) . It has been documented that, despite the uniform expression of CD24 or CD44 subsets of tumor cells, these two cell populations are genetically highly heterogeneous and they display variability for biological and functional traits including tumorinitiating potential and response to therapeutic agents (Park et al. 2010 ). In the mouse mammary gland, cytokeratin expression and PCR have revealed that CD24-, CD24low, and CD24hi populations correspond to non-epithelial, basal/myoepithelial, and luminal epithelial cells, respectively (Sleeman et al. 2006) . Although not all basal-like tumors contain CD44?/CD24-cells, an association between basallike phenotype and CD44?/CD24-cells has recently been demonstrated (Honeth et al. 2008) .
In the breast the term 'basal' has acquired two meanings, it has become synonymous with breast myoepithelium, and it defines a specific subpopulation of so-called 'basal' cytokeratin expressing cells that may be found in either a luminal or basal location in normal glands (Gusterson et al. 2005) . The CD44?/ CD24low cells that we isolated from lobular and ductal histotype, were yielded from tumor samples that were ERa positive and HER2 negative. ERa positivity and HER2 negativity are features of tumors defined as ''luminal A'' according to molecular profiling (Perou et al. 2000) , while carcinomas belonging to the basallike subtype of breast cancers are assumed to be stem cell-derived or to have acquired properties of stem cells during transformation (Sorlie et al. 2001) . In general, long-term culture leads to selection for basal/ myoepithelial cells. All established human breast epithelial cell lines display a partial loss of the myoepithelial differentiation program along with a partial gain of a luminal differentiation program. Although in vivo equivalent of these cells has not been found, this particular culture profile is thought to reflect the existence of human breast epithelial stem cells in the basal compartment (Petersen and Polyak 2010) . The cancer stem cell hypothesis postulates that tumors are driven by cells that display the properties of self-renewal and differentiation found in stem cells. Self-renewal is demonstrated by the ability of the enriched stem cell populations to form mammospheres which can grow in an anchorage-independent manner. The long-term culture of LoBS and DuBS cells under non-adherent culture conditions generates mammospheres that initially proliferate, albeit at low rate, then arrest growth; these resting, non proliferating cells, when transferred to adherent dishes, may still be propagated. In addition, their growth is anchorage independent because single cells, dissociated from mammospheres, grow in soft agar. The low growth rate in non-adherent conditions could be due to nutrient and oxygen limitation for the cells within the sphere; indeed these cells, potentially proliferating, restart growth when allowed to form an adherent monolayer.
Myoepithelial cells are cells from the basal layer, defined as cells that express both epithelial characteristics and contractile proteins (Anbazhagan et al. 1998 ) These cells are distinguished from basal cells in stratified squamous epithelium because they exhibit features of mesenchymal cells, including expression of vimentin (Ronnov-Jessen et al. 1995) , smooth muscle actin (a-sma) (Gusterson et al. 1982) , the high-molecular-weight cytokeratin CK5 (currently known as basal cytokeratin) (Moll et al. 1982; Nagle et al. 1986 ). However, studies aimed to define the cell of origin in experimental model systems and in breast tumors show that intermediate filament expression can be modulated in tissue culture and expression of CK5 is not restricted to myoepithelial cells (Gusterson et al. 2005) . Recent studies showed that these cells may represent early progenitors and are candidates for precursor cells of basal-like breast cancer (Ginestier et al. 2007; Villadsen et al. 2007; Lim et al. 2009; Pece et al. 2010) . As expected, our long-term cultured LoBS and DuBS cells express vimentin, CK5, and smooth muscle actin (a-sma), all markers of basal/myoepithelial cells.
The majority of human breast cancer cell lines, as well as MCF7 and MDA-MB231, are cytokeratin 19 (CK19) positive. All established breast epithelial cell lines from long-term, primary-cell-derived cultures of reductive mammoplasties are completely cytokeratin CK19-negative (Bartek et al. 1985) , and CK19 staining of luminal cells in the fetal breast is homogeneously positive (Anbazhagan et al. 1998) . However, recent developments in cell culture technology have allowed long-term expansion of CK19-positive cells from primary tissues in the absence of immortalization (Garbe et al. 2009 ). With respect to MCF7 and MDA-MB231, LoBS and DuBS cells are weakly CK19-positive thus reinforcing the idea that these cells are likely to be originated from the basal layer.
The lack of the CK19 lineage differentiation is consistent with the lack of estrogen receptor (ERa) in the nonmalignant precursor cells (Petersen and Polyak 2010) . In the adult virgin mouse mammary epithelium the majority of stem/progenitor cell activity is located in the basal compartment Sleeman et al. 2006; Stingl et al. 2006) and the ERa-positive cells are distinct from the mammary stem cell population (Asselin-Labat et al. 2008; Sleeman et al. 2007 ). In the adult mammary gland only a subset of cells express ERa; these cells can either form a stem cell compartment that is directly stimulated by circulating hormones (Clarke et al. 2005) or ERa-positive cells may stimulate proliferation of a separate stem cell compartment in a paracrine manner (Brisken and Duss 2007) . Pulsechase experiments suggest that ERa-positive cells form a slowly cycling cell compartment (Booth and Smith 2006) and the stimulation with estrogens down-regulates ERa before the proliferative response (Chen et al. 2008) , indeed ERa-positive cells do not express markers of proliferation (Clarke et al. 2005) . ERa-expressing luminal epithelial subpopulation contains little in vivo stem cell activity. The hormone susceptibility of mammary epithelial stem cells has been extensively investigated. Notwithstanding, there are conflicting reports regarding the hormone receptor status of these cells in both mouse and human experiments. In mouse, pulse-chase experiments (Booth and Smith 2006) predicted that the putative mouse mammary epithelial stem cells were ERapositive, while other studies (Asselin-Labat et al. 2008) reported that stem cells identified by specific cell surface markers were negative for both ERa and HER2. Similar divergent results have been described for human mammary epithelial stem cells (Oliveira et al. 2010) . To ascertain that the lack of ERa was due to the lack of expression we performed WB experiments loading increasing concentration of cellular extract. We show that, with respect to MCF7, LoBS cells do not express ERa, while DuBS cells do express the receptor in a concentration-dependent fashion. Breast cancer is not a single disease, but rather a group of diseases displaying heterogeneous features at both the molecular and clinical level, and each subtype has its own stable phenotype maintained during tumor evolution (Dontu et al. 2003; Shipitsin et al. 2007; Sorlie et al. 2001) . Our data confirm the divergence, that may be presumed to reflect the wellestablished heterogeneity of breast cancer.
Epidermal growth factor receptor (HER1) and erbB2 (HER2) are two RTKs with oncogenic properties, and two of the most targeted oncoproteins in cancer. HER1 and HER2 overexpression is generally associated with more aggressive tumors and poor prognosis (Sorlie et al. 2003; Sotiriou et al. 2003; Suzuki et al. 2008) . Overexpression of HER2 occurs in about 20% of breast carcinomas, and is more frequent in estrogen receptor-negative than in estrogen receptor-positive cases (Sotiriou et al. 2003) . In patients with ERa-positive tumors and active growth factor receptor signaling there is growing evidence that crosstalk between ERa and growth factor receptor signaling pathways, especially the HER family, is one of the mechanisms for resistance to endocrine therapy in breast cancer (Knowlden et al. 2003; Osborne et al. 2005) . In ERa-positive and HER2-positive metastatic breast cancer two trials demonstrated that the strategy of combining hormone deprivation with antiHER therapy, i.e., anastrozole and herceptin (Kaufman et al. 2009 ) or letrozole and lapatinib (Johnston et al. 2009 ), significantly prolonged PFS (Progression Free Survival, defined as time from random assignment until the earliest date of disease progression or death as a result of any cause in the HER2-positive population). In experimental models of ERa-positive breast cancer cells, initially HER2 negative and hormone-responsive, EGFR and HER2 pathways may become upregulated on development of endocrine resistance over time and a combined hormonal-and growth factor receptor-targeted treatment may delay acquired resistance Massarweh et al. 2008) . It has been reported that activated phospo-HER2 is expressed also in HER2-negative tumors (Frogne et al. 2009; Singer et al. 2009 ), and expression of activated HER2 is associated with poor prognosis in the series of hormone receptor-positive breast cancer patients (Frogne et al. 2009 ). We report data demonstrating the expression of HER1 and activated HER2 in the LoBS and DuBS cells; this supports the idea that subpopulations of cells expressing activated RTK, do exist within the context of a tumor mass that exhibits features of luminal A breast cancer, i.e., ERa-positivity and HER2-negativity. This observation confirms other reports that HER2 expression increases the stem cell population of normal and malignant mammary cells and that the effects of HER2 overexpression on mammary tumorigenesis and invasion are mainly due to its effects on the stem cells population (Korkaya et al. 2008) . Our results are also in agreement with studies reporting that HER2-negative tumors express an amount of activated HER2 sufficient to elicit signal transduction, and may explain why some patients with HER2-negative tumors are responsive to herceptin (Paik et al. 2008) .
The expression profiling classification of breast cancer into five main molecular subtypes (basal, luminal A and B, HER2-positive/ERa-negative, and normal breast-like) (Sorlie et al. 2001) correlates with clinical outcome, is predictive of response to treatment and prognostic (Sorlie et al. 2001; van de Vijver et al. 2002; Shipitsin et al. 2007 ). Our approach suggests that the molecular classification can be enriched of intermediate or new subtypes as new methods for the quantitative assessment of intratumor diversity are introduced in clinical practice.
